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INTENDED LEARNING OBJECTIVES O 


be able to: 
1. List 3 differences between pulmonary & systemic 
circulation. 


2. Explain the regional distribution of pulmonary blood 
flow. 


3. Explain regional distribution in ventilation in the 
upright lung. 


4. Define ventilation perfusion (V/Q) ratio &mention its 
importance. 
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Pulmonary Circulation `N 


o Pulmonary Circuit 
Right pulmonary artery 


Left pulmonary artery 


Left pulmonary veins 


Rig ht atrium | 
Left atrium 


Right ventricle 
— Left ventricle 
Heart muscle 


| Atips.//ern. wikipedia. ors/wiki 
* Itis the part of circulation that lies between 


the right ventricle and left atrium. 

* The pulmonary arteries are the only 
arteries that carry non-oxygenated blood 
while the pulmonary veins are the only 
veins that-carry oxygematedsblood. À 


Characteristics of pulmonary 
:circulation 


Low pressure & 


resistance systg In pulmonary 


circulation 
R= mean P/F 
= 15/55 3 mmHg/L/min 


onary arterial pre 
25/10 mmHg 
an pressure 15 


R= mean P/F 


= pulmonary blood 


e Cardiac output whic 
is about 5 lite 
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Characteristics of pulmonary ) 
:circulation 


Barge with multiple brand 
Pulmonary capillary pres 
7-10 mmHg 


Little elastic 
smooth muscl 


The mean velocity of blood 
is about 

pod travels across pulmonary capil 

in about 
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Characteristics of pulmonary 
:circulation 


MEAN = 15 MEAN = 100 


25/6 120/30 | 
Paka | | 
Pulmonary Systemic 


hittps.//www.coheadquarters.com 
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Characteristics of pulmonary 
:circulation 


dd away TT a] AW | * Pala: we" 1 a Wa na 
LI ELLS UI Us, UO JUL U al 


on systemic circul 


ion |Vasodilatation 
asoconstrictio l 


Generally, hypoxia in any organ causes vasodilatation 
to bring more blood with more O2 EXCEPT in 
pulmonary vessels where 

MAH RTD to schiff KIRBY PA HAH hvnoxic areas: 


arterioles 


Characteristics of pulmonary 
:circulation 


t of gravity on pulmonary circula 


- Distribution of blood in lungs is affected by 
gravity 
' The apical zone 
[] very minimal DI 


| The intermediate zone | 
[| intermittent bic 


Alveolus 


Pa 


1 The basal zone 
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The zone [] very minimal 


bl.flow as (the pulmonary alveolar pr. > 
pulmonary arterial pr.) 


The zone [intermittent 
bl. flow as 


(the pulmonary arterial pr. > pulmonary 


alveolar pr.) 


Koeppen & Stanton: Berne and Levy Physiology, 6th Edition. 
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved 


The zone [| maximal bl.flow as 


N 
Arterial 


(the pulmonary arterial pr. > pulmonary alveolar 
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Ventilation perfusion ratio (V/Q) ) 


E Def: 
It is the ratio between the volume of alveolar 
ventilation (V) and the pulmonary blood flow (Q). 


" Normal values: 

* Alveolar ventilation = volume of air that enter in gas 
exchange per minute = 4.2 liters/min. 

* Pulmonary blood flow = cardiac output = 5.5 


UA = Alveolar ventilation / pulmonary bl« 


* Both ventilation & perfusion are not equal throughout 
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Ventilation perfusion ratio (V/Q) `N 


€” Importance: 


- Adequate gas exchange requires that ventilation & 
perfusion be matched to each other. 

- So ,V/Q ratio is the main determinant of gas exchange 
across respiratory membrane. 


Ventilation 


(air flow) 


Efficient exchange of 
O, & CO, 
an alveoli 
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Ventilation perfusion ratio (V/Q) 


“ Regional distribution of ventilation: 


- In the upright position, the alveoli at the base 
of the lung are better ventilated than those 
at the apex due to the effect of gravity on the 
intra-pleural pressure How?? 


= At the apex: [| j 

The IPP is more -ve (-10) 

[] greater TPP gradient 

[| apical alveoli are 
distended close to thei 
full capacity with 
stretched, less mobile 


=E At the base: 

The IPP is less -ve (- 
2.5) 

[| less TPP gradient 

[| basal alveoli are 

less distended with 

smaller volume so 


walls jiii E acs can be inflated to a 
[] less compliance larger size 
[] Less ventilated [] more compliance 
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Intrapleural pressure 


-2.5 cm H 


Ko. 


F 


TACCHI. 
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Ventilation perfusion ratio (V/Q) 


" Regional distribution of perfusion: 

- In the upright position, the alveoli at the base 
of the lung are better perfused than those at 
the apex . How?? 


= At the apex: " At the base 


- Blood flow is = 


minimal as 


1 Blood flow is 
maximal as 


(the pulmonary the pulmonary 
alveolar pr. > ” DT 
pulmonary arterial pulmonary alveolar 


pr) 


; r. 
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Ventilation perfusion ratio (V/Q) `N 


= Both ventilation & perfusion | 
(from base [] apex of the lung in the upright 
position) 


tilation. 


At the apex: 
Both V & P are less than at the base. 


Ventilation (V) is ! 

Perfusion (O) is! .! 

So the blood flow is much poor relative to 
ventilation 


At the base: 
Both V & P are more than at the apex. 
Ventilation (V) is 7 


Perfusion (O) is 777 
So the blood flow is much higher relative 
to ventilation 

ENVIO eer bruno O & Cardio-pulmonaAAMoë€m co ratin 16 


dE Blood 


N Ventilation flow 
a Apex (4 min) (Amin) Ratio 
| E EERDER EE ee Se See = Se EDE saam 
0.24 0.07 3.3 E 


E a E TT O SS a a a a ee — 


a Reese EE Kama asp aaa 
“Therefore, there Is a normal 
physiologic mismatching of 
ventilation with perfusion from the 
baseteo the apex Hebr): E 


Ventilation perfusion ratio (V/Q) `N 


— Blood flow 
me Ventilation 
== VAO 


Percent lung volume 


Bottom 5 4 3 2 Top 
Rib number 
Pulmonary Physiology,Michael G. Levitzky, 8th edition 
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Apex Ventilation Perfusion V/Q ratio 


AILI 


Base 


ismatched perfusion a 
ventilation means 


Blood flow > air OS | Air flow > blood flo 


Q T ventilation 


TO, in | CO, in lungs 
lungs 


ventilations 


4 O, in lungs 
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https://www.quora.com 
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Low ventilation/pertusion ratio 


al 


A AN q 
A 


| Ventilation 


'G Blood flow more 
than air flow) 


fm, 


Balances blood 
i DM 


Balances 
airflow. 


1CO, in area 


Relaxation of local airway@® 
smooth muscle 


Dilatation of local airways 


T Airflow 


So if an alveolus is receiving little air relative to its blood 


local homeostatic mechanisms (V.C by! O,)[Ishunting bloog 
the poorly ventilated area. 


High ventilation/perfesbor E 


Consequences of hic 
( 7 Air How more tha 
T Ventilation 


blood flow ) 


mad Balances Balances blood 4 


airflow, flow 
CO, in area 


Contraction of local airwa 
smooth muscle 


Vv 


onstriction of local airwat: 


SE AA 
y 
SG NG 


az 


So if an alveolus is receiving excess air relative to its b 


these local homeostatic mechanisms (Bronchconstricti 
[shifting ventilation away from the poorly perfused are 


A Physiclogical B Normal 
deadspace Wemilation and 

Ventilation with perfusion 

reduced perfusion IO = 1 

MO => 1 | 


Pulmonary arteritis 


https.//www icetnepean orgfaploads/5/8/5/1/58510755 


Lung diseases 
iphysema, pneumonia & lung colla 


Pulmonary embolism 


Pulmonary edema 
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Lecture Quiz 


Concerning ventilation perfusion ratio: 


a. It falls when an airway is obstructed. 


b. It is equal in different lung zones. 
c. The apical alveoli are better ventilated than the 


.basal alveoli 
d. It is the difference between the volume of 


“alveolar ventilation and the pulmonary blood flow 


e. It decreases in pulmonary embolism. 
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SUGGESTED TEXTBOOKS `N 


1. Ganong's Review of Medical Physiology. 2374 


edition , chapter 35, page (599,602,603) & 


chapter 36 page (620) 


2. Kaplan Medical USMLE step 1 lecture notes. 


Section VII, chapter 4 (pages 183-186) 
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